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Staphylococcus epidermidis proved the most common cause of the infections mentioned above2 3 6 710 except in those of the urinary tract where Staphylococcus saprophyticus dominates." Staphylococcus haemolyticus seems to rank third in order of frequency. '2 The study of the pathogenesis of coagulase negative staphylococci has shown that several extracellular metabolites are produced by these micro-organisms.'3-1 There are also many substances on the surfaces of the bacteria involved in pathogenicity, such as haemagglutinin, capsule, slime, fibronectin binding proteins and collagen binding proteins. 1623 The aim of the present study was to investigate the virulence of the three most common coagulase negative Staphylococcus species in experimental infections of mice on the basis of lethality, splenomegaly, and the prevalence of tissue abscesses in relation to hydrophobicity, adherence, and toxin production.
Methods

BACTERLAL STRAINS
S epidermidis (three strains) were isolated from blood or wound discharge from patients with left atrioventricular stenosis after valve implantation, severe aplastic anaemia, and pneumonia. S haemolyticus (three strains) were isolated from the skin of a bum patient, from the blood of a case of septicaemia, and from the urine of a patient with prostatitis. The two clinical S saprophyticus strains were from the urine of a patient with chronic pyelonephritis and from the wound infection of a bum patient, respectively. The third strain was the reference strain S saprophyticus HNCMB 110008. The strains were identified according to a combined taxonomic scheme derived from Kloos Haemolysin titre was taken as the reciprocal of the highest dilution of toxin just causing 50% haemolysis of the erythrocytes.
5-haemolysin
Serial doubling dilutions of toxin (0-2 ml) were made in saline and equal volumes of 2% (v/v) fresh human erythrocyte suspension added to wells of a microtitre plate. The plate was incubated at 37°C for one hour. The haemolysin titre was taken as the reciprocal of the highest dilution of toxin just causing 50% haemolysis of the erythrocytes.
DNAase, lipase, and esterase Serial dilutions of toxin (0-1 ml) in saline were added to wells cut in agar containing either 1% DNA, 1% glycerol tributyrate, or 1% Tween 80 as enzyme substrate. The presence or absence of zones of clearing (lipase), precipitation (esterase), or clearing after addition of hydrochloric acid (DNAase) were taken as an indication of positive enzyme activity. PREPARATION species failed to adhere. None of the S haemolyticus strains was adherent. All three S epidermidis strains proved hydrophilic in both tests. Two of the three S haemolyticus strains were hydrophobic in both assays, while strain S haemolyticus 11684 was hydrophobic by HIC and hydrophilic by ISAT. Strain 3876 was fully hydrophilic by HIC but moderately hydrophobic by ISAT; HNCMB 110008 was hydrophilic in both tests; strain 4922 was hydrophobic in both tests. As a whole, no association was found between adherence and hydrophobicity or hydrophilicity of the strains (table 2) . TOXIN 
PRODUCTION
The strains differed considerably in the yield of haemolysin in culture supernatant fluids (table 3) . Slight DNAase activity was shown only by S saprophyticus strain 110008, and slight lipase activity was detected in S epidermidis strain 8602; esterase was produced by S haemolyticus strain 11684, and by S saprophyticus strains 3876 and 4922 (data not shown).
PATHOGENICITY AND LETHALITY TO MICE
The same challenge dose of bacteria killed more male mice than females. All three strains of each Staphylococcus species were pathogenic for mice but there was a pronounced difference between the lethal doses of the different bacterial species: S saprophyticus proved the most virulent (LD50 = 2-7-2-9 x 107 cfu/g body weight); S haemolyticus was somewhat less virulent (LD50 = 2-9-3-8 x 107 cfu/g body weight); and the least virulent was S epidermidis (LD50 = 6-8 x 107 cfu/g body weight).
These differences in lethality were significant (p < 0.0001). However, within each species the virulence of the various strains differed. For this reason results are shown as dose ranges instead of doses characterised by exact numbers. Each coagulase negative Staphylococcus species caused visible organ damage; the most common macroscopic lesion was splenomegaly (verified by histological examination) (fig 1) in mice sacrificed on the 10th day after infection; liver, peritoneal, or kidney abscesses were also sometimes observed. Table 4 shows that strains of S epidermidis caused splenomegaly most frequently and those of S haemolyticus rarely. By studying the prevalence of splenomegaly according to the species injected, more than half (52 4%) of all the cases of splenomegaly were found in the group infected with S epidermidis (fig 2) , although mice challenged with S epidermidis made up only 79 of the 245 survivors. The different coagulase negative species, therefore, cause splenomegaly at significantly different frequencies (p < 0-001). On the other hand, the numbers of cases of splenomegaly were directly proportional to LD50 (p < 0-001) of each of the three species (data not shown).
Liver abscesses were found in 28 of the 245 surviving mice: 28% of them had been challenged with S saprophyticus, 72% with S epidermidis. No liver abscesses occurred after the injection of S haemolyticus indicating that the development of a liver abscess may be species specific (p < 0001). In the case of S epidermidis the frequency of the appearance of liver abscesses was directly proportional to the numbers of bacteria injected (p < 0 001). There was no significant difference between male and female mice. Bilateral kidney abscesses were found in 11 mice infected with S epidermidis, amounting to 13-9% of the survivors. Kidney abscesses were 2-7 times more common in male than in female mice.
Discussion
Mice and rats have been used most frequently to study experimental coagulase negative staphylococcal infections, although Holmberg29 demonstrated a causative role for S epidermidis in bovine mastitis. Previous studies partly agree with our results. We cannot fully compare our data as a comparative study of the pathogenicity of S epidermidis, S haemolyticus, and S saprophyticus has not been carried out before. In our experiments each of the three staphylococcal species proved pathogenic for BALB/c mice. Dextran solution was a good microcarrier for the cocci when injected 
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, coagulase negative staphylococcus strain or species. The lack of correlation between in vitro adherence and hydrophobicity suggests that different surface components determine these two properties. On the other hand, the presence or absence of these characters in vitro gives no information about the severity and outcome of infection, because no association was found between in vitro adherence, hydrophobicity or hydrophilicity, and lethality. Toxin production in vitro by coagulase negative staphylococcus strains may reflect the severity of the infection, as one strain of S epidermidis which elaborated the highest titres of both haemolysins (compare table 3 and fig 2) also had the lowest LD,0. The role of haemolytic toxins in the pathogenesis of coagulase negative staphylococcal infections is far from clear because it is not known whether haemolysin production occurs in vivo, and how the toxins might interact with other bacterial and host factors. 13 Similarly, Lambe et al, 35 in a subcutaneous abscess model initiated by implantation of catheter segments coated with each of five species of coagulase negative staphylococci, were unable to relate abscess formation to the presence of glycocalyx or the production of various toxins in vitro. All S haemolyticus strains produced haemolysins in vitro (table 3) , suggesting that haemolysin may contribute to the high virulence of this species. In contrast, the higher virulence of S saprophyticus is impossible to interpret on the basis of our in vitro data. However, Beuth and coworkers"8 have shown that S saprophyticus is unique among coagulase negative staphylococci because it possesses at least three types of specific surface lectin. The presence of high amounts of these lectins on the surface of the cocci, when injected into the peritoneal cavity, may contribute to their virulence by altering host macrophage function. '9 Experimental S epidermidis infection is characterised by a low LD,,, and a significantly high incidence of splenomegaly in the survivors. This is the first report, as far as is known, to show the spleen as a target organ for coagulase negative staphylococci. Splenomegaly is usually caused by lymphoproliferation and may be associated with the ability of staphylococcal extracellular slime to stimulate production of immunologically competent cells,36 but doubts about the purity of the material used in these experiments and difficulties in distinguishing some surface components of coagulase negative staphylococci37 may render this mechanism open to doubt. The strains used in the present study, although shown to have variable adherence to plastic, were not examined for the presence of slime. As yet we cannot ascribe any particular property to the coagulase negative staphylococci which could be responsible for the features seen in our mouse model of infection.
